This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 



• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Europaisches 
Patentamt 




PCT 0 0 / 0 5 3 18 



Eur pean 
Patent Ofrice 



Office eur peen 
des brevets 



r 



10/009436 



PCT 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unteria- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page» as originally filed. 



Les docunr^ents fixes a 
cette attestation sont 
confornr^es a ta version 
initialenr^ent deposee de 
la dennande de brevet 
europeen specifiee a la 
page sutvante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n*" 

99201859.8 



PRIORITY 
DOCUMENT 



Der Prasldent des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
' Le President de I'Office europeen des brevets 

P.O. 




LL,C. HATTEN-HECKMAN 



DEN HAAG»DEN 

THE HAGUE, 10/07/00 

LA HAYE,LE 



EPA/EPO/OEB Form 1014 - 02.91 



•1 



J) 



Eur paisches European Office eur peen 

Patentamt Patent Office des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de Tattestation 



^SSaS^na; 99201859.8 10/06/99 

Anmelder: 

ApplicanUs}: 

Demandeur(s}: 

Vlaams Interunlversi ta1r Instltuut voor Blotechnologle vzw. 

9052 Zwijnaarde 

BELGIUM 



Bezeichnung der Erfindung: 
Title of the invention: 
Titre de rinvention: 

Non-human transgenic animals deficient In gas 6 function and their use 



In Anspruch genommene Prioriat<Bn) / Priority(ies) claimed / Priorite(s) revendiquee(s) 

5^331- Tag: Aktenzeichen: 

Slate- Date: R'e no. 

pgyj. Date: Numero de depot: 



Internationale Patentklassifikation: 
International Patent classification: 
Classification Internationale des brevets: 

/ 



Etats contractants design es lors du depot: 



Bemerkungen: 

Remarks: 

Remarques: 



EPA/EPQ/OEB Form 1012 - 04.98 



.SPEC 



0AV3 / PCA / GAS6 / 001- 044 / EP 

Non>human transoenic animals de ffdent in Gase function and th !r use. 
The present Invention relates to the manufactun^ of a nrtedicament for the 
treatment of endothelial dysfunction. The present invention further relates to 
the use of an inhibitor of the GasB function and/or an inhibitor of a Gas6 
receptor for the manufacture of said medfoament. 

Tlie endothelium is uniquely positioned at the interface between the blood 
and the vessel. As such, it perfomns multiple functions: It is involved In the 
regulation of coagulation, leukocyte adhesion in inflammation, vessel tone, 
and vascular smooth muscle cell growth, and also acts as a barrier to 
transvascular flux of liquids and solutes wall (Griendling & Alexander, 1996). 
Far from being a passive participant in these events, it is a dynamic tissue, 
secreting and modifying vasoactive substances, influencing the behaviour of 
other cell types, and regulating extracellular matrix production and 
composition. One of the most important events in the reaction to all forms of 
injury is adhesion of leukocytes to activated endothelium, a prelude to their 
emigration into tissues (Cotran & Mayadas-Norton. 1998). Not surprisingly, 
therefore, when endothelial cells become dysfunctional or deregulated, they 
may contribute significantly to the development of numerous disorders with 
major morl^idity and mortality, some of which are listed hereunder. 

Cardjovaecular disorders including atherothrombosls, strolce, arterial (re)- 
stenosis, isdiemlc heart disease, myocardial infarction, diabetic macro- and 
microangiopathy, allograft arteriosclerosis and the tike constttute the leading 
cause of nrx^rbidity and mortality in Westernised societies. A common feature 
of all these disorders is activation of the endothelium, which induces 
interaction with leulcocytes (Ross, 1999). For example, leukocytes adhere to 
and infiltrate underneath the endothelium during llpid-induced atherosclerosis 
(Ross. 1999; Libby ef aL, 1997; Vadas et a/.,1997; Boyle et ai, 1997). During 
immune-mediated transplant arteriosclerosis or cuff-induced restenosis. 
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leukocytes aJ^fjk to the endothelfum. subsequent^^flltrate in the intima 
and media, where they activate medial smooth muscle cells to emigrate in the 
fntima, th reby leading to obstructive Intlmal thickening (LIbby et a/.,1992). 
During ischemia/reperfusion, leukocytes hav been involved in the production 
of toxic substances, leading to tissu destrxjction (Murohara et aL, 1995; 
Dinemian & Mehta, 1990; DeGraba, 1998; Hallenbeck, 1997; Cavanagh et 
aU 1998)1^ 

Excessive formation of new blood .vessels'^(neova$6uylafi$atioisi() promotes*^ 
progressJon'^of cancererv^induoes diabetic retinopatfeiy^leadingiaito "iblirndnessr 
and contributes to chronic infiammatory disorders (rheumatoid arthritis, non* 
healing ulcerations) (Folkman, 1995). In order for endothelial cells to form 
new blood vessels, they first need to become activated by angiogenic 
nrK>lecules (Carmeiiet & Collen^ 1998). Leukocytes and tumor cells, adhering 
to the endothelium, play an essential role In the induction of pathologlcai 
neovascularization by production of angiogenic Actors (Schaper & ito, 1996)* 
The morbidfty and - morta%^ &s$ocMl:(^^iti9 is 
stgriific^nt ^ Conversely, , insufficient^^angrogenesis has^ b^n^ related to 
impdir:ed respQn$iv4enesjiaof^the««ier;islQ^ eldjerriy^^ or 

diabetic patients^ 

Infection and resultifSS^'sep'sis 'contiftue^to^be^ imj^ortarit^cau of morbidity 
and mortallt^'Mn^particuidr^in surgigal patiernts. Emidrgings^vidence implicates 
the endothelium^ asta GentrafieffeetG^r^in'^the«infl 

Christou. 1996; McGitI et al., 1998; Pajkrt & van Deventer, 1996). Through 

the expression of sur^ce proteins and secretion of soluble mediators, the 

endothelium controls vascular tone and permeability, regulates coagulation 

and thrombosfSp and directs the passage of leukocytes Into areas of 

inflammation. Derangements in these normal functions may contribute 

significantly to a maladaptive inflammatory response leading to systemic 

inflammatlon^»muItfpl6.«prg§!n«failyi^ 

life-threat^ing con^plieattl@n^ 

Metastasis-^ InvoivesdKadhlsrsionarofjp'tunnoia^ 

subsequerit^extravasatli^ 
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tumor cells is mediated by similar adhesion molecaras as used by leukocytes. 
Endothelial cells in tumors are activated, express more and distinct adhesi n 
molecules, and are often dysftintional. 

Collectively, a better understanding of the molecufar basis leading to 
activation of endothelial cells is mandated In order to design more rationally 
future treatments for these life-threatening and debilitating disorders. 
Considering its enormous surtace area (equivalent in adults to an entire 
soccer field) and accessibility, it is not surprising that this ''organ" plays an 
important role in the above nnentioned disorders. The identification of 
candidates Involved in this process may constitute attractive targets for 
development of drugs for treatment of such disorders. Previous studies using 
inhibitors or in gene^inactivated mice have amply demonstrated the 
importance of endothelial activation and endotheliaMeul^ocyte interaction in 
cardiovascular disorders (Frenette & Wagner, 1997). 

Growth arrested gene 6 <Gas6) was originally identified as a gene, whose 
expression in fibroblasts increased by serum starvation and contact inhibition, 
and was therefore implicated in reversible growth arrest (Schneider et aL, 
1988). Gas6 has signrficant sequence similarity with anticoagulant protein S 
but lacks anticoagulant activity due to absence of two thrombin cleavage 
sites. Both molecules are composed of a G!a domain, four EGF-Iike repeats 
and a carboxyterminal tandem globular (G)-domalns with homology to steroid 
hormone-binding globulin that are present in molecules involved in cell 
growth and differentiation (Nakano et al, 1997a). 

Gas6 binds members of the Axl family of receptor tyrosine kinases including 
Axi (also called Arte, Ufo), Sky (also called Rse. Tyro3, Dtk, Etk, Brt) and Mer 
(also called Eyk, Nyk) (Crosier and Crosier, 1997; Nagata et ai., 1996; Stitt et 
al., 1995). The extracellular domain of these receptors posses Ig-like motife 
and fibronectin type III modules, found in cell adhesion molecules. A 
truncated soluble Axl fonm is proteolytlcally generated but It remains unknown 
whether this soluble receptor acts as a competitive inhibitor for Gas6 by 
sequestering free iigand. is involved in binding Axl directly and originating a 
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signal distincnrom Gas6, or in Inactivating the receptor on the cell surface 
(Costa etaL. 1996). 

Gas6 is xpressed in lung and intestin (ManftolettI et at.. 1993). Sky is 
pr dominantly expressed In the brain, while Met is expressed in monocytes 
(from peripheral blood and bone manrow) and in cells derived from epithelial 
tissues (luns^kidi»ey)jcandiNsepjEKiusttvepti^^ not in 

unstimulated granulocytes. Axl is^also expressed««in mG»nocytes^but not In 
unstimulated* granuloGytes or mature>^B orT iymplnocytesw»Gas6«and^Axl are^ 
expressed by vascular endothelial cells (Manfioletti et ai., 1993). 

The function of Gase remains largely undetermined and controversial. Gas6 
has been reported to inhibit homophilic Axl-medtated aggregation of myeloid 
cells (Avanzi et al., 1998), but cell-bound GasS may mediate aggregation of 
myeloid ceils via interaction with Axl receptor on adjacent ceils (McCtoskey et 
al., 1997). Gas6 did not affect adhesion of granutocytes to resting endothelial 
cells, while it inhibited - gqginulocyte^ adhesion to TNF-alphau^activated 
endothellalB0ells,ibut.LQnfy^at,ihighi^^^ al...1 99&}iiGas6 Is 

miteigenic jDr^fib^JiSHs (Gorup^etJil,,^1 99J91a.adt8€^)«anfi^9^ 

1996) butn^ot^^aiim^ggt^!^ c®"® 
(Avanzi et.al.iili199$,}^^Ga;sg^ndui?^^ muscle cells^ 

induces Axl-mediated ^chemotaxIsnA^ of^^smoothwrmusde cells «(Frldejr et- aL» 
1 998) and^i^aN}nougiiijinQt4imitG^ej]ic«by«itseif 

of thrombin (Fridelf et al., 1998). Gas6 also acts as a survival factor for 
serum-starved fibroblasts (Goruppi et al.. 1996) and GnRH neuronal cells 
(Allen et aL, 1999). presumably via activaton of PI3-kinase and Akt kinase 
(Goruppi et al., 1997). Ark signalling protects against apoptosis induced by 
serum withdrawal or TNF-alpha. but the increased apoptosis of Ark deficient 
fibroblasts after serunvwithdrawal could not be rescued by Gds6 (Bellosta et 
al., 1997). (3as6 may^play iple^ln deaiiance^of apjQp|6d6,jsells. by^fprming^gi 
bridge between^phosphatidylsepine-on . the surfaee^of apoptetie^celis^and^AxI 
on phagocytotid«cellaf^(!Nika 
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Since growth-annested genes are characteristically expressed when cells 
undergo growth arrest, the role of Gas6 in endothelial biology was examined. 
Indeed, endothelial ceils become quiescent and enter a stat of prolonged 
growth arrest (half-life estimated to be 30 years in humans), once vascular 
development during embryogenesis and postnatal growth is accomplished, 
and abundantly express Gas6. However, in contrast to other growth-arrested 
cells (including terminally differentiated cardiomyocytes or neurons), 
endothelial cells exhibit a unique plasticity to rapidly proliferate and migrate, 
or to become activated to express prothrombotic factors or leukocyte 
adhesion molecules. Such responsiveness is essential to accommodate 
rapidly changir^ needs to vascularize Ischemic tissues, to provide 
hemostasia upon vascular trauma, to mediate leukocyte extravasation in 
inflamed tissues or to provide adequate vasomotor control during abnormal 
tissue perfusion. Notably, the molecular mechanisms that allow quiescent 
endothelial cells to exhibit such rapid responsiveness remain undetermined. 
Collectively, despite the above mentioned data, the precise role of Gas6 and 
Its receptors, in particular in endothelial (patho)-biology in vivo, remains 
largely undeterniined. 

In this Invention it has been surprisingly found that Ga86 deficient endothelial 
cell's are resistant to activation by endotoxin and TNF-a in wtm and in vivo 
and that leukocytes did not or much less extravasate in Qas6 deficient mice. 
This proves that GasG plays an essential role in the activatton of the 
endothelium in response to inflammatory stimuli. Since numerous 
cardiovascular, cancerous and rnfecttous disorders, as indicated above, 
implicate endothelial activatton with 5ut>sequent binding and extravasatton of 
leukocytes, Gas6 antagonists and Gas6 receptor inhibitors can be used as 
compounds for the manufacture of a medicament for the treatment of said 
disorders. 

In a first aspect the present invention concerns an animal deficient in Gas6 
function. Preferably, sakl animal is a transgenic animal in whlc^ the Gas6 
alleles are inactivated (Gas6'''). More preferably, said animal Is a Qase*^ 
mou$e« 



\ . - 



10-06-1999 



EP99201S69,$ 



SPEC 




In another aspSct the invention relates to the use of said Gas6 deficient 
animal to study the role of Gas6. Said Gas6 deficient transgenic animals can 
be used for sere ning oompounds having an effect, positive or negative, on 
said endothelial dysfunction. 

In another aspect the invention provides a nDethod to screen for inhibitors of 
Gds6 function and/or inhibitors of a Gas6 receptDr that result in an Inhibition 
of the endothelial actlvatfon. Prefierably;> inhibitors of Gas6 Ainction are 
soluble fonns of the GasS recdptor and/or GasG neutralising antibodies. 
Aiterriativeiy, Gas6 inhibitors may be compounds' that prevent the binding of 
Gas6 to its receptor and/or the activation of said receptor. 
In still another aspect, the invention provides the use of an inhibitor of the 
Gas6 function and/or an inhibitor of a Gas6 receptor for the manufacture of a 
medicament to treat endothelial dysfunction. 

Definitions 

The foMowing^definrtions are set forth to illustrate the meaning^and^^scope of 
the various ternns used to describe thalnvention thei^^cir^ 

AcBvation-of Gas6LreeeDtor :kdepends on the tvoe^ofcreceotor^and is known to 
the people skilled^in-the art. For Gas&Ityrosine kfnase^t^^ it has 

t>een extensively described in W0962d948 and refers :to the stepi^^ of causing 
the intracelluldPdomain of 'the receptor to^phosphorylate tyrosine residues In a 
substrate polypeptide. 

Inhibitor of GasS receptor : any compound that prevent the activation of said 
receptor. 

Gas6 neutralising antibody : any antibody that prevents Oas6 to execute its 
function. 

Inhibitor of Gas6 function : any compound that prevents Gas6 to execute its 
function. Thi8*^inhibitiS#may be due to actions^^^such'ss chepnicaii^^modification, 
denaturatibn of the tertiary staicture; ^complex fonmation^or proteolysis. 
Qas6 functidn :^bihdinQj^of^Qas6-with^a 'Gds6 reoeptorf Bind(lhg}km<tens any 
kind of interaction, be It direct (direct Interaction of QasS with the 
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extracellular domain of said receptor) or Indirect (interaction of Gas6 with one 
or more identical and/or non-identical compounds resufting In a complex of 
which on or more compounds can interact with the extracellular domain) that 
results in activation of the Gas6 receptor. The extracellular domain means the 
domain as it occurs in the natural Gas6 receptors, or a fragment thereof, 
eventually fused to other amino acid sequences, characterised in that It is still 
able to bind Gas6. 

Compound : any chemical or biological compound, including simple inorganic 
or organic molecules, peptides, peptido-mimetics, proteins, antibodies, 
carbohydrates, nucleic acids or derivatives thereof. 

Examples 

Example 1: inhibition of ondotheUal activation by Gas6 gano- 
inactlvatton In mica 

In order to study the role of Gas6 in vivo, the GasQ gene was inactivated in 
embryonic stem cells via homologous recombination, and Gas6 deficient 
mice were generated. Surprisingly, these knockout mice developed normally, 
sur>^ed, and were apparently healthy. IHowever, when the Gas6 deficient 
mice were challenged with inflammatory stimuli, they were found to be 
protected against endothelial activation. 

Eight to twelve week old WT and Gas6^ mice of either sex wvith a genetic 
background of 75% C57BI6 and 25%129ySv, and weighing 20-30 g« were 
used. Animals were maintained in an open animal facility and experiments 
were performed according to the guidelines of the institutional animal care 
committee. Adult mice were intraperitoneally injected with endotoxin (0, 10 
and 20 mg/kg) and after 12 h» mice were anesthetized by intraperitoneal 
injection of 60 mg/kg sodium pentobarbital. Blood was collected In citrate via 
vena cava puncture with a 24*gauge needle. Following centritugation at 3000 
rpm for 10 min, plasma was collected and stored at -20'' C until analysis. 
Factor Vll activity was measured via the Coatest FVII assay, as described by 
the manufecturer (Chromogenix, Brussels, Belgium). The coagulant activity of 
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the other factors was determined as a clotting time after mixing the murine 
plasma with human plasma, deficient in the specific factor and addition of 
thromboplastin (for Fll. FV. FVII. FX) or kaolin (FIX) In the University Hospital 
(UZ Qasthuisberg, Leuven. Belgium). All procoagulant activiti s w re 
expressed as a percent of the procoagulant activity in a plasma pool of adult 
wild typQ».mioer Plasma fibrinogen was determined by. a coag^atlon rate..* 
assay (Vemnylen ^et aL, 1963), Fdr hematotogicai anaiysfs^^bliiMl • was 
collected in 0.01 trisodiun;! cftratei^ and .xelts-^^ were^^counted^' using ^ a 
automated^'^anal^ar (Oefll^Qyn 6 1 QU'^Hematologyi^ Analyzeis*^Seqi£iioa-Tumer ^ 
COp Mountain View, CA). Cell counts are expressed per milliliters of whole 
blood. 

In order to obtain mouse capillary endothelial celts, anesthetized mice were 
injected s.c. with 500 pi of ice-cold matrigel containing VEGF (100 ng/ml) and 
heparin (300 iig/m\}. After 7 days, the pellet containing neovessels was 
dissected and enzymatically dispersed using 0.1% type 11 coliagenase 
(Sigma, St^kouis,«!ii/lo):vMaui^^endQ^^^^ T75 
flasks coated >.witbg0..t% ge|dtinMrn^M^10%mediLicp sup|3iiemen)t^j&withr^^5% 
MVGS^ (ret SOl0§oa^5|lp jbjt»^S_D)^Forjp^^^^ :by 
trypsin/EPTA^t(0;Q2|l^;¥@5^}. For^rNF^mstircigiMon^i^^ were 
refed with ,fresb»M^curture^ TNF-a (R&O, 

Abingdon, UK)W Aftgt«^24^hrWthia^coodit)oned»^m8dium wae^haivesled and 
analyzed fbr 4he«.fbllQvHnji cytoldnes: IL^Ift^^ IL-6 (a(iiantlldneP^'^M,vR&D, 
Abindon. UK); ELAM, ICAM, VCAM and tissue factor (all from R&D). 
Recombinant Gas6. produced in 293 monkey kidney cells stably transfected 
with the pcDNA3 expressing vector encoding the mouse Gas6 cDNA 
(Grinnetl et at., 1990), was supplemented at 200 ng/ml during the experiment 
as indicated. 

For the determination of cytokine concentration after endotoxin injection, 
adult mice were^intraperitoneally'^injeotedi^with^endotoxtn^^^^ 
90 or 180 min, :the mice^were anesthetizedsiby intraperltoneabnjectioli-of 60 
mg/kg- sodlcfm: pefit0t3aT^itai^BI@6^ 

puncture with a 24-gauge needle. Following centrifugation at 3000 rpm for 10 
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min. plasma was collected and stored at -20' C until analysis. Cytokines 
were measured using Quantikine'" M assays for IL-1B, IL-fi, IL-10 and TNF-a 
according to the manufacturer's Instmctions (ail from R&D, Abindon. UK). 
For apoptosis studies, mouse ndotheiial cells were cultured In T75 flasks 
coated with 0.1% gelatin in RPMI 1640 medium containing 10% foetal calf 
serum (Life Technologies, Paisley, UK), 100 lU penicillin, 100 pg/ml 
streptomycin, 2 mM glutamine, heparin (100 \iQ/m\) and endothelial cell 
growth supplement (30 pg/mi). Apoptosis was induced by (i) supplementation 
of TNF-a (100 ng/ml: R&D). Fas-ligand (100 ng/ml; R&D), or withdrawal from 
growth fectors (0.1% fetal calf serum). Apoptosis was quantified by 
maasuring cytoplasmic histone-associated DNA fragments (mono- and 
oligonudeosomes) using a photometric enzyme immunoassay (Cell Detection 
ELISA, Boehringer Mannheim, Mannheim, Germany). 

Protection against endothelian activatton was concluded based on the 
following criteria: 

- Intravenous Injection of endotoxin in wikl type mice induced strong 
activation of the coagulation cascade, resulting in reduced levels of factor 11, 
factor V, factor VIII. factor X. and fibrinogen (Table 1). In addition, platelet 
counts were reduced after endotoxin, Indicating formation of platelet-rich 
thrombi (Table 2). in contrast, endotoxin completely failed to activate 
coagulation and consume platelets In Gas6 deficient mice, despite 
comparable increase in plasma levels of IL-6. IL-lfi, IL-IO and TNF-a (Table 
3). Nevertheless. Gas6 deficient mice were comparably susceptible to 
thrombin-induced diffuse Intravascular coagulation and death. Upon local 
injectbn of endotoxin (50pg) rn the foofoad, significantly fewer veins 
developed occluding thromtjosis in Gas6^' than in Gas6^ mice (Table 4). 
When cultured endothelial cells from wild type mice were treated with TNF-o. 
they expressed increased levels of tissue factor (the Initiator of blood 
coagulation) and friasminogen activator inhibitor-1 (Table 2). In contrast, 
tissue factor and PAI-1 could not be induced by TNF-a in GasO deficient 
endothelial cells. 



EP99201369.8 



10-0e-t999. .EP99201^9,8 SPEC 



ctlon of endotoxin (10 to 40 nngTRgJ 



- Intrav nous ifllectlon of endotoxin (10 to 40 nngTlcg) in wild type mice 
reduced circulating numbere of leukocytes, which xtravasated in peripheral 
tiseu s such as the lung, kidney and heart (T able 2), In contrast, I ukocyte 
nunnbers in the peripheral blood remained high in Gas6 deficient mice, and 
leukocytes failed to extravasate. in contrast to cuitured wild type endothelial 
cells, Gas6 defident endothelial cells fail^^to express upregulated levels of 
VCAM^ ICAMv and-!EG^M-ln response :sto JNF-a- Further.Hi!rseGretton of 1L-1B 
and IL-6 was^abrogated:in GasG deficient cells (Table 2). Upon toeaMnJection 
of endotoxin (50 {jg) in *tiie''fcx>tpad»<slgnifieantly feweHeukocytes^ad to 
the arterial endothelial cells in Gas6^ than in Gas6^^ mice (Table 4) 

- Anti-Fas antibodies Induced severe apoptotiG liver damage leading to 
fulminant hepatitits, liver hemonliage, and death In wild type micet whereas 
Gas6 deficient mice were almost completely protected (number of TUNEL 
positive cells per optical field: 28 ± 7 for Gas6*^ versus 8 * 1 for Gas6^). Gas6 
deficient endothelial cells, unlike wild type ceils, are also protected against 
apoptpsis, Jnduced^by a cocktail of cytokines (Table 5). Upon local injection of 
endotoxin 45a^pg^ in the footpad,^sigoificantly^ fewei^.appptotiew^(^^ 
positive) end(atb^eliilfccells^^4^ in Gas^ than. in Gas6*'^ mice (Table 

Collectivefyi^theseiKdataiiiunveilMid -novettfoleMifor4iiGasjB/^Ga^s6«^prays«^ role in 
activation of^endoth^iafyeeHsvand subsequent bindingcvand extravasation of 
leukocytes In response to various inflammatory or noxious stimuli. These 
data illustrate the role of Gase in mediating adhesion between activated 
endothelial and leukocytes. 



Example 2: In vivo role of 6as6 In ertertal stenosis 
A mouse model of arterial stenosis based on the application of perivascular 
cuff or ligalioni^ris usied.. Previous stud lest^have^^indisated^hat^folleVKlng-^ 
or ligatton, the endothelium becomes actlvatedv resulting tn adhesk>n of 
leukocytes totthe endotheliumr^withir^sut^quent^Infiltration in-the nntinma and 
^^1edla''(KoGkx^^e^a/;,199^!)Y Due to leukoeyte^production of growth factors and*^ 



10^00-1999 EP99201SS9-$ SPEC 

cytokines, medial smooth muscle cells become activated, proliferate and 
migrate backwards Into the Intlma. thereby fomrting a neointlma. rich in 
smooth muscle cells. Two other mouse models of arterial injury, based on 
mechanical trauma and lectric injury, which result in denudation of the 
endothelium, are used to study the specific role of Gas6 in activation of the 
endothelium (Gdino et al.. 1997). 

Ail models are operational and have been extensively used previously 
(Canneliet ete/., 1097a: Carmeliet et a/.,l997b: Camfieliet. ef a/L. 1998a; 
Canmeliet al., 1097c}. 

From ttie results, it is clear that Gas6 deficient mice develop less arterial 
Intimal thickening. 



Example 3: in vivo rofe ofGasO in atheroselercals 

Cellular interactions between leukocytes and the endothelium are critk:al 
events in athenssclerosis and acute coronary syndrome (Ross, 1999). An 
initial event in atherosclerotic plaque development is the adhesion of 
leukocytes on activated endothelial surfaces in microregions of disturbed flow 
( Lasher et al., 1993; Cosentino & LOsher, 1998; Dong & Wagner, 1998). 
When monocytes and endothelial cells are activated via direct cell-cell 
interaction, both types of cells express adhesion moleculc»s, cytokines, 
coagulation and fibrinolytic factors, metalioproteinases. and vasoactive 
substances which contribute to atherogenesis and thrombosis (Ikeda ef a/,, 
1998). Since mice do not spontaneously develop atherosclerosis, Gas6 
deficient (Gas6'^) mice have been Intercrossed with mice deficient in 
apolipopnotein E (apoE'^). which develop significant atherosclerosis in 
response to cholesterol feeding. Canneliet et al. (1997d) have prevtou^y 
used the apoE^' model to study the role of proteinases in atherosclerotic 
plaque development and aneurysm fomnation. All the techniques, 
Infrastructure and expertise to study and quantify plaque size, cellular 
composition, and endothelial activation are known to the people skilled in the 
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art. The resuiis Indicate that Gds6 deficient mice develop smaller 
atherosclerotic plaques. 



Exampie 4: in vivo roie of GasB in transplant artvri scferosts: 

Like in atherosclerosis , transplantation of an allograft carotid artery results in 
the initial activation 'Of thei<graft^endothaliiiirn-« withFaut^equentv^ 
ieukocytesv Moons et a/.^1999) have previously 'Used^thls model^o study the 
role of plasmmogenMn allograft stenosi$«-AII«the4eehnlqyesHnfrastin!ieture 
e>qpertl8e to study and quantify Intimal thickening due to smooth musde ceil 
accumutationi cellular composition, and endothelial activation are known to 
the people skilled in the art. The results indicate that Gas6 deficient mice 
develop less arteriosclerosis. 

Exampie 5: in vivo role of Gas6 In stmlce 

A grpwing^bddy of . evidence jndicajfes thai . inflai^inriatpity" nr>BC^^^ 
contribCitejatto %secQr:idaiSi#(neH(pa^ injyry^i^afti^^i;^ acujte^ceirqbyjdliKischemia 
(DeGabra. 1998:?IHalle^nbook. 1997): Ischemia fdllSMgred byj:epj^rfu^joTOrapidly 
laads.to the^expression olinflammateRy^cytpkirtes^^ IL- 
ia, which stimulate a compiexi^oascadexof events involving^ cells, 
neuronsr^astf;»^yite$i«ian4lgeniMa^ 

activation of the coagulation system and upreguiation of cell adhesk>n 
molecules. The net effect of these events is transfbmnation of the local 
endothelium to a prothrombotic/proinflammatory state and induction of 
leukocyte migration to the site of Injury within houra of reperfuskan. 
Leukocytes cause tissue injury by several mechanisms, including occlusion of 
mlcrovasculature^ generation of oxygen free radicals, release of cytotoxic 

chemoattractant release.M mouse^modej of strokesikbasjedu@niiitigatt|0iTi^^ 

middle-cerebral- artflifyff^was'^devele^ 

system proteinases'-/^ v/iA9^(<Niigai''ef^a/., 1999)^^ 
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role of Gas6, Ischemic brain injury was achieved by permanently ligaiing and 
sectioning the middle cerebral artery. Infarct size was morphometrically 
measured after TTc staining of 1 mm thich brain slices within 24 hrs after 
ligation as described by Naga) e* ah (1999). Ischemic brain Injury was 
significantly reduced in Gas6^ as compared to Gas6*'* mice after ligation of 
the middle cerebral artery (Table 6). 

Example 6: role of GasB in myocardial ischemla/reperfusion: 

The pathogenesis of the reperfusion syndrome is complex and as yet notHitly 
elucidated. During reperfusbn of Ischemic myocardium, there is a well- 
orchestrated interplay between the coronary vascular endothelium and the 
circulating neutrophils (IVIurohara et eA,1995: Dinerman & Mehta, 1990). This 
interplay involves Initial "roiling" of neutrophils along the endothelium during 
the eariy moments of reperfusion, followed by firm attachment and dlapedesis 
into the myocardial parenchyma where neutrophil-myocyte interaction 
contributes to the necrotic process (Murohara etaL, 1995). Reperfusion injury 
Is characterized by increased microvascular permeability, oedema and tissue 
necrosis, and is associated with free radical release* cellular calcium overload 
and activation of neutrophils (Cavanagh. 1998). The results indicate that 
Gas6 deficient mice develop less significant ischemic myocardial reperfusion 
injury. 

Example 7: In vivo role of GasS In angiogenesis 

Unlike their active growth and remodeling during embryonic development, 
endothelial cells in the adult are quiescent, and need to become activated 
when new blood vessels are formed. Over the last decade, remarkable 
progress has been made in the rdentification of a variety of molecules that 
stimulate or inhibit angiogenesis in vivo. Angiogenesis inhibitors have 
attained significant interest for the treatment of cancer, inflammatory 
disorders and diabetic retinopathy, as endotheliaf cells that invade tumors are 
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non-tumoral host-derived cells, that would not become resistant to 
chenrYotherapy (Folkman, 1998). The significant suppression of anglogenesis 
in Ga86 defici nt mroe suggests that Gas6, somehow. Is required for 
endothelial activation during anglogenesis, and that 6as6 antagonists may 
be useful angiogenesis inhibitors. The role of Gas6 in angiogenesis was 
further studied»ysiffig ^(?tker podeis-«0tangiq^ a-turmor^angiggenesisti*^ 
model whereby invasion of tumor^cell^on implanted .eollagen cells In dorsalv 
skin^^^chambersWs rdependent'^on dnglqgenic»jingrpwth^>of capillaries in the 
tumor, as^used previously^by us fer-the-study ofthe-role of PAM (Bajou a// 
1998); (ii) neovascularization after retinal ischemia (operational); (ili) 
angiogenesis In embryonic stem cell-derived tumors, that are wild type or 
deficient for Ga$6, as used to study the role of HIF(Cdrmellet et al, 1998b); 
(iv) neovascularization after occlusion of the femoral artery (Couffinhal ef bL, 
1998) or (V) of the coronary artery. 

Ingrowth of capillaries in matrigel was performed as descrit^ed by Passanti ef 
a/. (1992}t Briefiy?ij500 (!il ioe^rold niatrigel^Gontaining heparin (dOJ^I^g/ml) and 
rVEGF?te^(1'00ng/ml*)^wa,s^nie<:^jed subcutaneaously-^intsi^ the^'groinwAfter^r 
days, the'Tmatrijg^i^speJili^^ nec^esseis^Was'disSeetigraa^^ 
neovascufdrisdtlpjii:^ene'»part\wa8 homog^riiz^'^to deterrnine^ite^hernoglobin 
content deterrnlniadKiusIng DrabidnSs^redggnt'^CSignri^ 

France), whereastii^thef>MOth'er««pait<^ waa^^ - 1 %%pam1Ie!]rn(^ for 
histological analysis. Sutx:utaneous injection of matrigel containing VEGF 
induced a strong angiogenic ingrowth of capillaries in wild type mice, while 
this angiogenic response was InhibKed for more than 80% in Gas6 deficient 
mice (T able 7). 

Depth of tumoral sprouts was measured by plating malignant murine 
keratinocytes (PDVA cells) on collagen gel (4 mg/ml of type I collagen 
Isolatgd froni.-rat iaiLtendons^^tneented^in TeflQnKrings^Celim0oatedp»QolJag&n^ 
gels were r^theri "^recovert^^with^a «»8ilr^ne tran$(^dntat{dh«<charnbeSaiand 
implanted inttot0€ontolithe''doi;5ai..musele faseiai<^of^miee,vdsiRdescmb'ild«b^ 
Bajouvd/ 4a/3i«(1 9Sl^pgraiiii^^^ 

were dissected and processed for histology. The ma)dmum depth of 



10-06-1999 



EP9920ie$9^6 



individula tumor sprouts, known to depend on concx>mmitant ingrowth of host* 
derived capillaries in the Invading tumor (Bajou et al. 1998} was measure by 
image analysis. For measurement of the limb-ischemia induced formation of 
collaterals, the r^ht femoral artery was occluded distal to the branch site of 
the deep femoral and of the popliteal artery to guarantee complete occlusion. 
To document the recovery of the pelvic limb blood flow, in vivo infra-r^d 
thennography (IRT, Varioscan 3011, Jenoptik, Germany) was used before, 
immediately after and within one, two, three and seven days after femoral 
occlusion. The mice were anesthetized, kept five minutes on a heating pad at 
ZT'C and then mounted on a cork plate arki studied with IRT at ambient 
temperature of 20''C. Temperature changes were evaluated at standardized 
locations on the left and right feet using IRBIS Pius software. The 
temperature difference between occluded and non-occluded limbs was 
calculated at standardized temperatures of the non-occiuded foot (at 24, 25, 
26, 27, 28, 29 and 30 "C) before, immediately after and at the indicated days 
after ligation. 

Tumor angfogenesis and formation of collaterals after limb Ischemia were 
significantly reduced In GasB^ as compared to Ga$6*'* mice (Table 8. Table 
9). 

Example 8: inhibition of endothelial activation by soluble Axl recoptor 
Mice witti deficiency of Gas6 are used to test the potential of Gas6 
antagonists for the treatment of the above mentioned models of 
cardfovascular disorders and angfogenesis. To further evaluate the use of ' 
Gas6 inhibitors In therapy, a recombinant adenovirus is generated that 
expresses a soluble Ark (the mouse Gas6 receptor) (Costa et aL, 1996}, that 
has been demonstrated to block the action of Gas6 in vitro and in vivo. The 
technnlques for recombinant adenoviruses in mice are described by 
Carmeiiet et et. (1997b, 1997e}. The use of recombinant adenoviruses that 
result In the expression of the transferred genes for at least 10 days shows 
that this inhibitor has a positive (therapeutic) effect during arterial stenosis, 
allograft reaction, stroke, myocardial isohemia/reperfusion, and angiogenesis. 
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Example 9: t^^ical Gas6 inhibitors 

Novel chemical Gas6 inhibitors ar screened by high throughput screening as 
described by Femandes (1998) and Kenny at al. (1998). 
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Table 1: Coaguliaon and hematological parametei^ aner endotoxin 
injection (20 nig/ko}. 





Dos 
LPS 


Gaa6^ 


Gas6^ 


Factor II 


0 


102 ±13 


105 ±8 






76-±>7' 


10©?±,10u 








94*6 1 


Factor V 










10 


42 ± 4 


84 ± 9 




20 


29 ±6 


84 ±6 


Factor VIII 


0 


71 ± 15 


78 ±17 




10 


90 z 9 


DA ^ 'Its 




20 


30 ±4 


118± 11 


Factor X 


0 


97 ±10 


87 + 5 




10 


67-^4 4 


87ii± 6 




20^ 


44^ t 4 ^ 


92 4 4 


FibrinogeOji; 


1 OS? 


122^±40C 






10"' 


83rt 14* 


170r± 13 




2ft: 


66'±2ir 


21:1 ±-2 


Platelets 


o« 










370-± 5G"^ 


455'±>50' 




20 


250 ±40 


547 ±30 


Leulcocytes 


0 


2.6 ± 0.3 


3.4 ± 0.6 




10 


2.6 ± 0.7 


4.0 ± 0.3 




20 


1.5 ±0.3 


4.311.3 



Data represent mean ± SO (5 mice) of plasma concentrations of 
coagutatio'n:^fa'GtiD:^;((e^isess.e^^^^ 

leulcoeytee lnfflicae wHlfin-12 h aftSr4injectiQra-of epdotoxin*(€'^1O'^nd'20^mg/K9). 
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TabI 2: Activation of endothelial ceils in vitro. 





Dose 
TNF-a 


Gas6*^ 


Gaee-'- 
saline 


Gas6^ 
* 6as6 (200 ng/ml) 


ELAM 


0 
100 


I ±0.3 

II ±2 


1 +0.4 
1 ±16 


1 ±0.3 
10 + 1 


ICAM 


0 

100 


0.4 ±0.02 
8±1 


0.5 ± 0.01 
0.8 ±0.11 


0.3 ± 0.1 
7.5 ± 1 


VCAM 


0 

100 


2 ±0.2 
14±2 


2±1 
3 ±0.4 


2± 1 
9±2 


IL-6 


0 
100 


0.6 ± 0.1 
6±1 


0.5 ± 0.03 
0.9 ±0.1 


N.D. 
N.D. 


iL-ia 


0 
100 


I ±0.1 

II ± 1 


N.D. 
2±1 


N.D. 
N.D. 


Tissue Factor 


0 
100 


N.D, 
8± 1 


N.D. 
1 ±0.3 


N.D. 
8 + 2 



Data represent mean ± SD (9) of cytoldne concentrations (ng/10' ceils). 
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okjne ooncentration after endotoxin injection (20 mg/kg). 





Tim 
(min) 


Gas6*^ 


Gas6^- 




TNF-a (ng/ml) 


90 

180II& 


9±4 

1 »4 «is«0.4>^ 


13 ±6 
1.3*±- t ^ 


IL4(neAfnl} 


180*^- 


22*±14 
83^^24^ 


281E 12:1 
105/±-25£^ 




IL-1B(pg/ml) 


90 
180 


66 ±2 
146 ± 138 


136 ±100 
430 ± 200 


fL-IO (pg/ml) 


90 
180 


1260 ± 590 
560 ±130 


980 ± 350 
530 ± 150 



Data represent mean ± SO (7 mice) of cytokine serum concentrations 
in mice after injection of endotoxin (20 mg/icg). 
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All vaiuesJn Gas6;£Ltriice^aQ^ sigQificajjUj^iQelsgnMcojii^^^^^ 







6as!8# 


% V«ins without thromlMsis 
% Veins with thrombosis 


15±3 
85 ±3 


6016 
40 ±6 


% Arteries without laul(ocytes 
% Arteries with leulcocytes 


61 ± 10 
39± 10 


100 ±0 
0±0 


% TUNEL-positive endothelial cells 


4.5 1 0.6 


1.2 ±0.3 



: tJ^J\/ llfK^/ KJCO MJ=>*«»jn. .Av-v>*^.^. ^--w 
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Table 5: Apoptosis of cultured endothelial cells 





a^ 




Control 


23 ±4 


23 ±4 


TNF-a 
(100 ng/ml) 


220 ± 15 


54±5 


Growth factor deprivation 


200 ±11 


49 ±4 


Faa-ligand 
(100 ng/ml) 


27 ±4 


23 ±2 



Data represent mean ± SD {ti'^Q) of oligonucleosomes/10^ ceils. 



Table 6: tschemio brain injury (stroke) 







Gas6^ 


Infarct size (mm3) 


19±2 


10±2 


Ail values in Gas6^* mioe are significantly different from those in 
Gas6*'* mice (p<0.05) 


Table 7: Matrigel Angiogenesis 








Gas6^ 


Gas6^ 


Hemoglobin content (g/dl) 


0.28 ± 0.02 


0.02 ± 0.02* 



*: p<0.05 versus GasS*'*. 
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Table 8: Tumo^ngiogenesis 





Ga86^ 




Depth of tumoral sprouts 
(Mm) 


425 ±30 


130 ±30* 



*: p<0.05'ver8i!is*GSs6«^. 



Table 9: Limb-tschemia induced formation of ooliaterals. 



Time of analysis 


Gas6*^ 


Gas6^ 


Before occlusion 


0.5 ± 0.2 


0.7 ± 0.4 


Immsdlalt^lK aftjB'noqeluslOn 




2.4 ± 0.4*fc 


1 clay afl€r^o^uljp||jw> 


1.2^^0.3'!^ 


1. Tirol*' 


2 day afUTrjj^QclMSjon 




2.0.^ 0.;^ 


3 dayAaftftr«ocjCluslon«» 






7 day erfter occlusion 


O.S ± 0.2 


1.5i0.4* 



Data represent mean ± SD (n=9) of tfie difference in temperature 
between ocduded and non-occluded limbs. *: p<0.OS versus Gas6^^* 
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Claims 

1. Non-human transgenic aninial deficient in Gas6 function. 

2. Non-human transg nic animal according to claim 1 in which said animal is 
Gas6^ 

3. Non-human transgenic animal according to claim 1 or 2 In which said 
animal is a mouse. 

4. Use of an animal according to claim 1-3 to study the role of Gd86 in 
endothelial activation. 

5. Use of an inhibitor of the Gds6 function and/or an inhibitor of a Ga86 
receptor for the manufacture of a medicament for the treatment of endothelial 
dysfunction. 

6. Use according to claim 5 in which endothelial dysfunction results in a 
cardiovascular disorder such as atherothrombosis, stroke, arterial stenosis, 
arterial restenosis, ischemic heart disease, mycardial infarction, diabetic 
macnDangiopathy, diabetic microangiopathy and/or allograft arteriosclerosis. 

7. Use according to claim 5 in which endothelial dysfunction results In 
abnormal angiogenesis such as diabetic retinopathy. 

8. Use acconjfing to daim 5-7 in which the Gas6 receptor is AXL, MER and/or 
RSE. 

9. Use according to daim 8 in which the inhibitor is a soluble form of the AXL, 
MER or RSE receptor. 

10. Use according to claim 5-8 in which the inhibitor is a Gas6 neutralising 
antibody. 
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Abstract 

The pres nt invention relates to the manufacture of a medicanient for the 
treatment of endothelial dysfunction. The present invention further relates to 
the us of an Inhibitor of the Gas6 function and/or an inhibitor of a 6a$6 
receptor for the manufacture of said medicament. 

It has been shown that GasS^ deficient'*^endothelial!^ ceils are resistant to 
activation by endotoxin and TNF-a in vitro and /h vwo and^at leukocytes did 
not or much less extravasate in Gas6 deficient mice.r.^ 



